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Low-emission pathways can be enabled by using low-carbon hydrogen 
to carry and store energy across major sectors (electricity, industry, 
transportation and buildings). 

Technologies to enable the safe and cost-effective use of hydrogen for 
transportation, heating and other applications have been developed 
and are being improved. 

Sufficient storage capacity is available on a regional basis to enable the 
ramping up and large-scale deployment of cost-effective carbon 
capture and storage (CCS) technology, which is a prerequisite for the 
development of low-carbon hydrogen from natural gas. 

Low-carbon hydrogen is complementary to, and will be an enabler of, 
the growth of renewable hydrogen in the coming years through 
repurposing and reusing the existing natural gas infrastructure and 
distribution network, and through providing sufficient initial volume 
growth to encourage the build-up of new infrastructure. 

The oil and gas sector has the experience, skills and knowledge to 
develop and scale up production of hydrogen from natural gas as a 
low-carbon, low-cost source of energy. 

Partnerships and collaboration between private and public sector 
entities are key enablers in facilitating the energy transition, with a 
significant role for the oil and gas sector. 

As with all other sources of low-carbon and renewable energy, 
significant investments will be needed on a global scale to enable a 
hydrogen economy. 

Development of a hydrogen economy as part of the energy transition 
brings social benefits through maintaining high quality industrial jobs, 
especially on the demand side.  
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Hydrogen could play 
a key role in the 
energy transition and 
in supporting the 
ambitions to reach 
net-zero emissions. 
This report provides 
an overview of the 
numerous studies of 
hydrogen’s role in the 
energy transition.  



Delivering on the ambitions of the Paris 
Agreement will not be possible through 
electrification of the energy system alone, 
especially for those countries aiming to 
reach net-zero emissions by 2050. In the 
transition to a low-carbon economy, 
hydrogen could play a key role.  
 
Not only can hydrogen be produced in a 
number of low-carbon ways, but it can 
also be used without emitting greenhouse 
gases (GHGs). In fuel cells, for example, 

where hydrogen generates electricity 
through an electrochemical reaction, its 
only byproduct is water.  
 
Hydrogen and electricity are alike in that 
each has to be produced. But they are 
different in a fundamental way: hydrogen 
is stock-based rather than flow-based. It is 
made up of molecules, not just electrons, 
which means it can be combined with 
other elements, stored less expensively 
than electricity, and used when needed.  
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Reaching for Paris— 
electrification is not enough

Hydrogen has other advantages, as 
summarized below: 

l Hydrogen produces zero emissions at 
the point of use. 

l The manufacture of hydrogen is 
scalable to provide large volumes of 
energy as demand increases. 

l Hydrogen can offer large-scale, long-
term storage and back-up for the 
intermittency and seasonal swings in 
the production of electricity from 
renewables. 

l It is versatile, unlocking many cross-
sector synergies and helping to 
optimize renewable energy use 
between the electricity, gas and 
transport sectors (known as sector 
coupling).1   

l Because hydrogen can be stored, 
shipped, piped or trucked, it can 
distribute energy with great flexibility, 
simultaneously meeting many needs.  

l Hydrogen can be stored and 
transported at high energy density in 
liquid or gaseous form.2 

l The combustion of hydrogen produces 
high temperatures, allowing it to 
replace fossil fuels for industrial uses.  

l It can be used for heating.  

l Light-duty passenger vehicles 
powered by hydrogen can, at present, 
travel much further per trip than those 
powered by batteries, although the 
range of electric vehicles is improving 
and the refuelling infrastructure is 
becoming more widespread. 

l Hydrogen holds promise as an energy 
source in heavy-duty applications 
such as trucks, rail, ships and short-
haul aircraft. 

 
It has been estimated that hydrogen 
could meet up to 24% of the world’s 
energy needs by 2050.3 For more uses of 
hydrogen see Figure 1. 

The advantages of hydrogen
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WHAT IS HYDROGEN?

1 Bruce, S. et al. (2018), p. xiv. 
2 Hydrogen Council (2017). 
3 BNEF (2020), p. 8. 
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At present, most hydrogen consumption 
is found in the petroleum industry, with 
the second largest use occurring in 
ammonia production for fertilizers. Almost 
all of this hydrogen is produced from fossil 
fuels.4  
 
Because of the close association of 
hydrogen and fossil fuels, the sector with 
the experience, skills and knowledge that 
is most likely to support the emerging 
hydrogen economy is the oil and gas 
industry. A recent survey of senior oil and 
gas professionals found that twice as 
many said their organization intends to 
invest in hydrogen in 2020 (42%) as in 
2019 (20%),5 and more than half expected 
hydrogen to be a significant part of the 
energy mix within just 10 years.6    
 

Hydrogen and the  
petroleum industry

4 IEA (2019a), p. 14. 
5 DNV-GL (2020), p. 2. 
6 Ibid, p. 3. 
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THE FUTURE OF HYDROGEN INVESTING

Source: DNV-GL, 2020.  
 * Data for 2020 is based on a survey carried out in the fourth quarter of 2019. While priorities may have shifted for 2020, the drivers of the trend 
towards hydrogen remain in place.



methane and the hydrogen must deal with 
any resulting greenhouse gas emissions.  

THE CHALLENGES OF HYDROGEN— 
COST AND SCALABILITY 

Cost 

Each of the modes of production — the 
‘colours of hydrogen’ (see table below) —
presents significant challenges, but these 
are not so much technical as financial. 
Currently, per unit of energy, hydrogen 
supply costs are 1.5 to 5 times those of 
natural gas.9 The figure on the left shows 
the relative costs of producing hydrogen 
using various energy sources. Hydrogen 
produced through water electrolysis —
‘green hydrogen’ — remains expensive, 
although the cost of electrolysers is 
decreasing as their efficiency is rising.10 The 
cost of western-made alkaline electrolysers 
fell by 40% between 2014 and 2019, and 
Chinese systems are up to 80% cheaper 
than those made in the west.11 

In order to offer a low-carbon solution, 
hydrogen must be produced in a low-
carbon way. The electricity used to split 
the water molecule must itself have been 
produced from renewable or nuclear 
energy,8 and the production of both the 
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Hydrogen production methods  
and carbon output

7 Hydrogen can also be produced from coal and other sources. 
8 In Europe, hydrogen is considered to be ‘low carbon’ when produced using renewable electricity, but not if produced using nuclear energy. 

9 IRENA (2019), p. 6. 
10 Ibid, p. 5. 
11 BNEF (2020), p. 2; see also Figure 3 on p. 3).

THE COLOURS OF HYDROGEN
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‘Grey’ hydrogena 

 

‘Blue’ hydrogen 

‘Turquoise’ hydrogen 

‘Yellow’ hydrogenb 

‘Green’ hydrogen 

 
 

Carbon-negative hydrogen 

 

l Natural gas-to-hydrogen conversion 
l Electrolysis based on high-carbon electricity 

l Natural gas-to-hydrogen conversion with CCS 

l Methane pyrolysis 

l Electrolysis based on nuclear electricity  

l Sustainable biomass-to-hydrogen conversion 

l Water-splitting (electrolysis based on renewable 
electricity/photoelectrocatalysis)  

l Sustainable biomass-to-hydrogen conversion 
with CCS 

l Sustainable biomass pyrolysis 

l CO2 is emitted 
 

l CO2 is captured and stored 

l No CO2 is emitted, solid carbon is produced 

l No CO2 is emitted 

l Biogenic CO2 is emitted 

l No CO2 is emitted 
 

l Biogenic CO2 is captured and stored 
 

l No biogenic CO2 is emitted, solid carbon 
is produced 

GLOBAL AVERAGE LEVELIZED COST OF HYDROGEN PRODUCTION BY ENERGY 
SOURCE AND TECHNOLOGY (2019 AND 2050)

%

$
'

&

��
�	

��
���

��
��

��
�

��
��

��
��

 (
)*

+,
�!

�

-


	��
�
�
�

�
.

/
0


	��
���
�
��	��11)

��
� ��
�
��	��11)

���2�
���
����	����	�


	��
���
�
��	��11)

��
�
��	��11)

���2�
���
����	����	�

(��0 (�1�

Source: IEA, 2020a

Hydrogen can be produced by using an 
electric current to split water into 
hydrogen and oxygen, but it is far more 
commonly produced by the steam 
reforming of natural gas (methane) into 
hydrogen and carbon dioxide.7 

a  Hydrogen can also be produced from coal and other sources.          b  Hydrogen produced using nuclear energy is also called ‘purple’ hydrogen.
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Scalability 

In addition to cost, scalability is also a 
challenge. The potential growth of 
markets for hydrogen (see global demand  
figure below) will vary in timing, and by 
country and region, depending on 
interconnected supply lines, among other 
factors. For example, the EU, which 
currently consumes about 8,000 TWh of 
oil and gas, enjoys an abundant supply of 
natural gas from which grey or blue 

hydrogen can be made. There is also 
ample geologic storage for the CO2 that 
would be captured in the manufacture of 
blue hydrogen, although building up the 
CO2 transport infrastructure would still be 
a challenge. But for green hydrogen to 
develop, there would need to be a 
substantial increase in the availability of 
low-carbon electricity and the production 
of electrolysers. 

To meet even half of the current EU 
demand for oil and gas with green 
hydrogen would require about 50,000 
electrolysers (assuming the current size of 
10 MW) — 500 times the current global 
supply capacity. In addition, given the 
overall energy efficiency of electrolysers, 
this amount of green hydrogen would 
require an increase in electricity 
production equivalent to around 150 
modern-design nuclear power stations.12 

 

12 For example, equivalent to the 3,200 MWe Hinkley Point C nuclear power station in the UK.

GLOBAL DEMAND FOR HYDROGEN BY SECTOR IN THE IEA’S SUSTAINABLE 
DEVELOPMENT SCENARIO, 2019–2070
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THERMOCHEMICAL ROUTES TO HYDROGEN
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To meet even half of the current EU 

demand for oil and gas with green 

hydrogen … would require an 

increase in electricity production 

equivalent to around 150 modern-

design nuclear power stations.

This figure shows the various 
thermochemical processes used for the 
production of hydrogen. Currently, the 
least expensive, most efficient — and, 
therefore, most popular — method of 
producing hydrogen in most parts of the 
world is steam methane reforming. This 
method involves natural gas in reaction 
with steam at high temperatures with a 
catalyst to produce a mixture of 
hydrogen and carbon dioxide, from 
which the hydrogen is extracted.



For hydrogen to be produced sustainably 
using the steam methane reforming 
process, CCS is essential but is currently 
too expensive. CCS is necessary for any 
near-term low-carbon future, so ‘blue 
hydrogen’ is not alone in requiring greater 
investment in this technology. In addition 
to the deployment of CCS, manufacturers 
of blue hydrogen will need to focus on 
reducing emissions of both methane and 
CO2 all along the natural gas value chain. 
This may include, for example, eliminating 
routine flaring by 203013 and setting 
strong methane reduction targets.14,15 
Combining hydrogen with captured 
carbon creates other opportunities, 
however, such as the production of 
hydrocarbons that can be used as 
chemical feedstock for hard-to-abate 
sectors.16 
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13 World Bank (2021).   14 Methane Guiding Principles (2021).    15 OGCI (2021).   16 Hydrogen Council (2017), p. 3.   17 IPIECA (2015).

HYDROGEN AND CCUS VALUE CHAIN OPTIONS
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CARBON CAPTURE AND STORAGE— AN ESSENTIAL TOOL FOR REDUCING EMSSIONS FROM THE ENERGY SYSTEM  

In addition to its role in producing blue 
hydrogen, CCS is one of the key 
technologies that could enable a low-
carbon energy transition. Its important 
role was captured in IPIECA’s publication, 
Exploring low-emissions pathways: 
Advancing the Paris Puzzle.17 CCS would 
enable low-carbon fuels and electricity to 
be used in transport, homes and the 
industrial sector. Carbon dioxide-emitting 
industrial processes, such as hydrogen 
production, and cement and steel 
manufacture, will almost certainly 
continue throughout this century.      

In addition, continued dispersed emissions 
of GHGs are inescapable in some sectors, 
notably in agriculture. In the longer term, 
to address dispersed emissions that 
cannot otherwise be controlled, direct air 
capture of CO2 with CCS or the use of 
biomass as an energy source with CCS 
provide options to offset such emissions. It 
may take some time, however, for these 
technologies to be proven cost-effective 
at scale. Large-scale CCS is a reality today, 
even though deployment remains limited. 
Deployment of CCS on a scale that makes 
a material contribution to reducing CO2 

emissions requires addressing current 
barriers, including cost, complexity along 
the value chain, regulatory and policy 
uncertainty, public acceptance, large-scale 
storage sites, and long-term liability issues. 
However, the key barrier for CCS is the 
development of policies to incentivize and 
underpin its deployment, creating a level 
playing field with other technologies. 



Emerging low-carbon production methods
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A recent study has shown that ‘even 
though the costs of producing renewable 
green hydrogen will fall by 60% in the 
next decade, it will take until the mid-to-
late 2030s before it can rival 
conventional methods of hydrogen 
production’.18 Because producing green 
hydrogen is expensive, and requires the 
installation of significant additional 
capacity of renewable electricity, a future 
hydrogen economy is more likely to 
depend on a variety of different hydrogen 
production technologies with regional 

variations, gradually moving towards less 
carbon-intensive methods.  
 
Moving to a hydrogen economy makes 
sense because parts of the infrastructure— 
most importantly the gas pipeline routes, 
if not all the pipes themselves — are 
already present. The many synergies 
between natural gas and hydrogen point 
to the petroleum industry as a key 
partner in building a future hydrogen 
economy.          

A scaling-up of blue hydrogen will help to 
develop the market for ‘green’ hydrogen, 
which will eventually become more 
competitive.  
 
In the meantime, hydrogen of lower-
carbon intensity can also be developed 
along the spectrum from ‘grey’ to ‘blue’ to 
‘green’ by offsetting the small amount of 
remaining emissions through blending 
sustainable biomass into the natural gas 
feedstock, depending on the availability of 
additional amounts of biomass.19 

In addition to cheaper and more efficient 
electrolysers, and biomass gasification 
with CCS, a number of other emerging 
production methods offer hope for a 
greater share of low-carbon hydrogen at a 
competitive price. These include: 
l New microwave techniques that release 

large amounts of pure hydrogen from 
hydrocarbons, generating solid carbon 
as a by-product.20 

l Conversion of fossil fuels to hydrogen 
in the ground with subsequent 
capture and avoidance of CO2 
emissions while producing hydrogen. 

l Methane pyrolysis, which cracks 
hydrocarbons such as methane into 
hydrogen and solid carbon. 

l Anaerobic digestion using microbes to 
convert biomass (including wood, 
straw, agricultural residues and 
municipal waste) to hydrogen.  

l Solid-looping cycles (sometimes 
known as chemical-looping). 

l Solar to fuels, or ‘artificial 
photosynthesis’ (using sunlight to split 
water into hydrogen and oxygen).

New production methods pose challenges 
of their own. Biological processes, for 
example, tend to have low yield and 
production rates, and research needs to 
be done for many of these emerging 
processes so as to ensure product purity 

standards as well as other transport and 
storage network standards. In addition, 
such biological molecules need to be 
sustainably sourced while managing social 
and environmental aspects. 
 

Using the hydrogen spectrum:  
‘grey’, ‘blue’ and ‘green’

18 Mitsubishi (2020), p. 11 (based on data from an analysis by McKinsey & Co. in Hydrogen Council, 2020). 
19 Element Energy (2019a), p. 8.   
20  Chemistry World (2019).

Hydrogen production plant powered by solar energy
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POTENTIAL COMPONENTS OF THE LOW-CARBON HYDROGEN SYSTEM
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HYDROGEN SAFETY

Because of the small size of its molecules, 
hydrogen disperses easily as a colourless, 
tasteless and odourless gas that burns 
with an almost invisible flame. And while 
it is not toxic, it can act as an asphyxiant 
by displacing oxygen without detection. 
It is highly flammable, even explosive.25 
At least three hydrogen refuelling stations 

have suffered storage tank explosions 
caused by faulty installation or oxygen 
contamination. 
 
For hydrogen use to be generally 
accepted, robust safety standards would 
be needed as well as other safety features 
such as special sensors or odourization.
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A key reason for the growth of a hydrogen 
economy is that hydrogen can be stored 
in large quantities and in a number of 
modes (see table on page 11), offering 
scale and flexibility to renewables. Pure 
hydrogen can be: 

l compressed and stored in 
underground geological structures 
such as salt caverns or depleted fossil 
fuel reservoirs;  

l liquefied and stored in tanks; 

l mixed to produce synthetic fuels 
(e-fuels) and feedstocks, such as 
synthetic methane and ammonia;21 

l blended with natural gas, joining the 
already existing natural gas 
infrastructure.  

 
Seasonal storage of renewable electricity 
and the storage of nuclear power through 
hydrogen could also enable the growth of 
a hydrogen market.22  

Most hydrogen (85%) is used where it is 
manufactured. The rest is transported by 
trucks or pipelines.23 Hydrogen can be 
embedded in energy carriers such as 
e-fuels, or added to natural gas as a blend 
that can flow through the already existing 
pipeline infrastructure. 
 
Hydrogen storage and transport are not 
without challenges. The density of 
hydrogen is much lower than that of 
fossil fuels, so if hydrogen were to 

replace natural gas, it would require 
three to four times more storage 
infrastructure to be built.24 In addition, 
storing hydrogen in metal tanks or 
transporting hydrogen through natural 
gas pipelines poses the risk of 
embrittlement of old cast-iron pipes and 
tanks as well as leakage of the very 
small hydrogen molecules. Another 
challenge is that some types of fuel cells 
require very pure hydrogen and thus 
need to be purified at the point of use. 

 
Storing and transporting hydrogen

21 IRENA (2019), p. 6.   22 Ibid, p. 25.   23 IEA (2019a), p. 68   24 BNEF (2020), p. 3.   25 IEA (2019a), p. 119.
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TECHNOLOGY DESCRIPTION ADVANTAGES/DISADVANTAGES

Low-pressure tanks 
 
 

Pressurized tanks 
 
 
 
 

Underground 
storage 
 
 

Line packing

No additional compression needed from hydrogen production. Only used for 
stationary storage where lower quantities of hydrogen are needed relative to 
the available space. 

A mechanical device increases the pressure of the hydrogen in its cylinder. 
Hydrogen can be compressed and stored in steel cylinders at pressure of up 
to 200 bars. While composite tanks can store hydrogen at up to 800 bars, 
pressures typically range from 350–700 bars. Compression is used for both 
stationary storage and transportation of hydrogen. 

Hydrogen gas is injected and compressed in underground salt caverns that 
are excavated and shaped by injecting water into existing rock salt formations. 
Withdrawal and compressor units extract the gas when required. 
 

A technique used in the natural gas industry, whereby altering the pipeline 
pressure allows gas to be stored in pipelines for days and then used during 
peak demand periods. 

+ Established technology 

– Poor volumetric energy density 
 

+ Established technology 

– Low volumetric energy density 

– Energy-intensive process 
 
 

+ High volume at lower pressure 
and cost 

+ Allows seasonal storage 

– Geographically specific 

+ Existing infrastructure 

+ Straightforward hydrogen storage 
technique at scale 

Compression

Cryogenic tanks 
 
 
 

Cryo-compressed

Through a multistage process of compression and cooling, hydrogen is 
liquefied and stored at -253°C in cryogenic tanks. Liquefaction is used for 
both stationary storage and transport of hydrogen. 
 

Hydrogen is stored at cryogenic temperatures combined with pressures 
approaching 300 bars. 

+ Higher volumetric storage capacity 

+ Fewer evaporation losses 

– Requires advanced and more 
expensive storage material 

+ Higher volumetric storage capacity 

+ Fewer evaporation losses 

– Requires advanced and more 
expensive storage material 

Liquefaction

Ammonia (NH3) Hydrogen is converted to ammonia via the Haber Bosch process. This can be 
added to water and transported at room temperature and pressure. The 
resulting ammonia may need to be converted back to hydrogen at the point 
of use.

+ Infrastructure is established 

+ High hydrogen density 
 (17.5% by weight) 

– Almost at theoretical 
efficiency limit 

– Plants need to run continuously 

– Energy penalty for conversion 
back to hydrogen 

– Toxic material

Material based

26 Bruce, S. et al., 2018

STORAGE TECHNOLOGIES26
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Hydrogen is expected to be an important 
energy carrier in the future. In particular, 
hydrogen produced from renewable 
energy will become increasingly 
important, providing storage and transport 
options that will allow the hydrogen to be 
used in many ways and at many locations, 
including for power generation. Further, 
the US nuclear industry is considering 
producing hydrogen via electrolysis as an 
extension of its flexible generation. In the 
short term, ammonia can be co-fired in 
coal-fired power plants to decrease CO2 
emissions, and hydrogen and ammonia 
can be used as fuels in gas turbines. 

Many plants can run on a blend of 
hydrogen and natural gas. In the future, 
gas power plants are likely to be 
converted partially or fully to hydrogen, 
and new power plants will be built to run 
on hydrogen. 

 
Power generation

The extreme levels of heat needed in 
industries such as chemicals, cement, 
glass manufacturing and steelmaking are 
difficult to achieve using electricity. In 
these hard-to-abate sectors, hydrogen 
provides the least-cost and lowest-
carbon production route.27 Since 
industry accounts for 29% of energy 
consumption and 42% of direct energy-
related and process CO2 emissions, 
hydrogen has a significant role to play in 
a low-carbon future.28   
 
Hydrogen as a feedstock for ammonia and 
methanol production is becoming 
increasingly important. Furthermore, when 
combined with sustainably sourced CO2, it 
can be used to produce synthetic methane, 
which is fully compatible with the existing 
natural gas infrastructure.29 In both cases, 
the transition to low-carbon hydrogen is 
significant because the benefits would be 
applied to an existing supply chain. 

Industrial opportunities

27 IRENA (2019), p. 40. 
28 IEA (2019b), p. 310. 
29 IRENA (2019), p. 19. 
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In the future, natural gas 
power plants are likely to 
be converted partially or 

fully to hydrogen.



On a global scale, transport is the second 
largest global emitter of greenhouse 
gases, surpassed only by the power sector. 
So far, the major solutions that have 
emerged for significantly lowering 
emissions from transportation are fuel cell 
electric vehicles (FCEVs) and battery 
electric vehicles (BEVs). 
 
Hydrogen FCEVs have two significant 
advantages over BEVs: FCEVs can be 
refuelled in three to five minutes and can 
travel more than 500 km per trip. In 
addition, hydrogen is suitable for long-
haul freight trucks, and can be converted 
into ammonia for ships and into synfuels 
for aviation. The hydrogen FCEV 
infrastructure could build on the existing 
distribution system, although on-site 
storage of hydrogen would require high-
pressure tanks.

Even with these advantages, it is unclear 
whether FCEVs will dominate the low-
carbon transportation future. There are 
many more BEVs in the market at present, 
and as battery technology improves, BEV 
costs, range and charging time will 
improve as well. The cost of ownership is 
currently higher for FCEVs, and while the 
fuelling infrastructure is limited for both 
low-carbon options, BEVs can be 
recharged at home.  
 
Because investment in hydrogen is costly, 
its initial rollout would likely be around 
centralized nodes in cities, as in Los 
Angeles,30 or for use in city ferries to 
combat air, water and noise pollution, as is 
being explored in Norway and San 
Francisco.31   
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Hydrogen and the future of transportation

WHAT IS A FUEL CELL?

A key technology for use of hydrogen in 
several applications is the fuel cell. Unlike 
traditional combustion technologies that 
burn fuel, fuel cells undergo a chemical 
process to convert hydrogen-rich fuel into 
electricity. Fuel cells do not need to be 
periodically recharged like batteries, but 
instead continue to produce electricity as 
long as a fuel source is provided.   

A fuel cell works by passing hydrogen 
through the anode and oxygen through 
the cathode. At the anode, the hydrogen 
molecules are split into electrons and 
protons. The protons pass through the 
electrolyte membrane, while the electrons 
are forced through a circuit, generating an 
electric current and excess heat. At the 
cathode, the protons, electrons and oxygen 
combine to produce water molecules.   

Due to their high efficiency, fuel cells are 
very clean, producing electricity, excess 
heat, and water. In addition, as fuel cells do 
not have any moving parts, they operate 
almost silently. Various alternative fuel cell 
technologies are in use or under 
development.  

30 MIT (2019), p. 118. 
31 Purchia, R. (2018).
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Blending hydrogen with natural gas can 
help to reduce emissions in home 
heating. The advantage of this route to 
lower-carbon homes is that hydrogen 
could make use of existing gas 
infrastructure. However, the appropriate 
blend concentration might vary 
significantly from one pipeline system to 
another, and among differing natural gas 
compositions. Another challenge for this 
use of hydrogen is that while blends of 
up to 20% by volume can be 
accommodated in most of the existing 
grid, the lower density of hydrogen 

means that this percentage equals only 
7% by energy content.32 This means that 
end users would have to use greater 
volumes of gas to meet a given energy 
need.33  
 
Ideally, hydrogen could eventually be 
used directly to heat homes, but a shift 
from natural gas to hydrogen — like a 
switch from natural gas to electricity —
not only requires an upfront purchase of 
new boilers and other equipment but also 
means that consumers would have to 
switch out their current appliances.

 
Home heating

The speed at which the energy economy 
moves towards hydrogen depends on 
market forces, namely price-driven demand. 
But demand, in turn, is influenced by two 
key factors — technology development 
and public policy. And these factors are 
linked. Public support for research and 
development (R&D) for developing new 
low-emission hydrogen turbines would 
encourage a move towards green 
hydrogen, as would carbon pricing and 
negative emissions credits for removing 
CO2. Requirements that new combined 
cycle gas turbines (CCGTs) be fully 
hydrogen-ready are also important because 
retrofitting is not economically viable.34  
 

Policies are also needed to support 
investment. By mid-2019, there were 
more than 50 such policies globally, 
including policies in 11 G20 and EU 
countries and the state of California.35 

 

As is the case with all new emerging 
technologies, the development of 
hydrogen needs to be supported by the 
harmonizing of regulations, codes and 
standards across regions and sectors, the 
setting of targets, and the removal of 
barriers. The hydrogen value chain is 
complex, so carbon intensity needs to be 
accounted for at all points along the 
chain, and certification systems need to 

be developed. In addition to R&D support, 
incentives, transparency and long-term 
stable policy frameworks are essential.  
 
As many have noted, renewables are built 
not where there are the best resources 
but where there are the best policies. 
 
 

Policy

32 OIES (2020), p. 11. 
33 IEA (2019a), p. 71.   
34 Element Energy (2019c), pp. 5 and 27. 
35 Mitsubishi (2020), p. 3; and Spectra (2019).



Among the many important roles that 
government can play in the energy 
transition is that of coordinator. In the 
transport sector, for example, incentives 
and policies must be coordinated among 
car manufacturers, fuel suppliers, 
infrastructure providers and consumers. 
Policies and standards may also be 
necessary for low-carbon footprint ‘life-
cycle emissions’ appliances to drive the 
demand for hydrogen.          

A major step towards collaboration was 
taken in 2017 with the formation of the 
Hydrogen Council. The aim of this 
organization is to accelerate investment 
in the hydrogen and fuel cell sectors, and 
encourage other public and private 
stakeholders to back hydrogen 
technologies.37

These policies, in turn, encourage 
collaboration. For example, the UK’s 2019 
legislation setting net-zero targets for 
2050 led to ‘collaboration like never 
before over this last 12 months’, according 
to one project director for hydrogen.36 

 

15 — HYDROGEN: ENABLING THE ENERGY TRANSITION AND THE PATHWAYS TO NET-ZERO EMISSIONS

Coordination and collaboration

36 DNV-GL (2020), page 11, quoting Antony Green, project director for hydrogen, for Gas Transmission at National Grid, a British electricity and gas utility: ‘The UK’s net-
zero targets have put a massive impetus on utility networks to find the right path. As a result, we’ve seen collaboration like never before over this last 12 months.’ 

37 Element Energy (2019b), p.15. 
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Now that some hydrogen technologies 
have reached a significant level of 
maturity, will the market be developed? 
And what is the relation of a growing 
hydrogen market to the future of CCS, 
natural gas, nuclear energy and renewable 
energy? What trade-offs will need to be 
considered between investing capital in 
fossil CCS versus renewable energy? What 
policy framework is needed to create a 
market pull for hydrogen that would lead 
to investments in hydrogen infrastructure? 
 
As with any transformation in the energy 
system, the success of hydrogen will 
depend on sound public policies, support 
for technology innovation, and 
collaboration of governments, businesses, 
investors, consumers and civil society. A 
clear roadmap for hydrogen might involve 
milestones for increasing blending levels, 
triggering the need for major investments 
and upgrades. If hydrogen replaced just 
5% of natural gas consumption, demand 
for hydrogen would increase significantly, 
spurring further investment.38 

 

Industrial ports could become nerve 
centres for scaling up the use of clean 
hydrogen in a future in which hydrogen is 
traded as a global commodity, including 
through international hydrogen shipping 
routes. Such trade would offer 
opportunities not only to countries that 
now export fossil fuels but also to 
countries with abundant renewable 
energy resources.  
 
Whatever the timing, there is a transition 
market pathway from ‘grey’ hydrogen, to 
‘blue’ hydrogen based on natural gas with 
CCS, to renewably produced ‘green’ 
hydrogen — and there are many business 
opportunities along the way. Imagine: a 
clean energy future based on the most 
abundant element in the universe. 

 
The business of hydrogen

38 IEA (2019a), p. 15.   
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Case studies*

In an attempt to reduce the carbon footprint of the highly emissions-intensive 
steel sector, BHP has entered a five-year agreement with the China Baowu Steel 
Group, whereby the two companies will be investing up to USD 35 million.  

The partnership will focus on the development of low-carbon technologies and 
pathways by exploring the possibility of injecting hydrogen as a fuel source in 
blast furnaces, as well as the deployment of carbon capture, utilization and 
storage at the group’s production bases.

BHP

BHP is a founding member of the Green Hydrogen Consortium. This group of 
companies is focused on finding solutions to the current challenges associated 
with green hydrogen, and explores innovative approaches for its application in 
heavy industry. The Consortium’s activities include research, technology and 
supply chain development, as well as conducting green hydrogen pilot projects 
aimed at reducing risk and accelerating new technologies.

BHP

bp, along with its solar joint venture, Lightsource bp, is currently exploring the 
option to develop a green hydrogen plant in Australia. They will be investing 
AUD 2.7 million into the study, with a further AUD 1.7 million being provided by 
the Australian Renewable Energy Agency.  

The plant would be powered by 1.5 GW of solar and wind-sourced energy and, 
once in full-scale commercial operation, would produce 1,000 kt per year of 
‘green ammonia’ to be exported internationally.

In agreement with Ørsted, bp will be exploring the development of an industrial-
scale green hydrogen project at bp’s Lingen Refinery in north-west Germany. 
Following the final investment decision, set to take place in 2022, the 50 MW 
electrolyser along with the associated infrastructure could be operational by 
2024 and is expected to have the capacity to produce almost 9,000 tonnes of 
green hydrogen per year.

bp 

bp 

* Some of the photographs used to illustrate this section are stock photographs and do not necessarily represent the actual projects described in the case studies.
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Case studies (continued)

From 2005 to 2010, Chevron operated five hydrogen filling stations at fleet 
operator sites using multiple technologies for on-site generation, storage 
and dispensing as part of a U.S. Department of Energy hydrogen 
demonstration project that included AC Transit in Northern California. In 
addition to joining the Hydrogen Council in 2020, Chevron plans to conduct 
hydrogen fuelling station ‘test-and-learn’ pilots at locations in California.

ENEOS opened its first hydrogen refuelling station in December 2014, around 
the time commercial FCEVs were first introduced. Currently ENEOS has 44 
hydrogen refuelling stations in 4 major metropolitan areas, which represents the 
largest market share (~32%) of the 137 hydrogen refuelling stations in Japan as 
of February 2021. Depending on the location and demand, ENEOS operates 
three types of hydrogen station: integrated, stand-alone and mobile.

ENEOS

Equinor, Shell Nederland, Gasunie, Groningen Seaports and RWE have formed the 
cross-border ‘NortH2’ consortium to work together on the large-scale production, 
storage and transport of green hydrogen, which is supplied to hard-to-abate industry 
sectors in major demand sectors in Northwest Europe. The project aims to produce 
green hydrogen using renewable electricity from offshore wind off the coast of 
Netherlands, generating about 4 gigawatts by 2030, and 10+ gigawatts by 2040.

Equinor, Shell and others

Chevron 

Eni, in partnership with Enel, are working in collaboration to develop two green 
hydrogen projects located near two of Eni’s refineries. The two projects, each 
consisting of 10 MW electrolysers powered by renewable energy, are expected to 
begin production in 2022–23 and will supply green hydrogen to the two refineries.

Eni

Along with Shell Japan and other companies, ENEOS has become a member of the CO2-free 
Hydrogen Energy Supply-chain Technology Research Association (HySTRA), which is field 
testing the liquification of CO2-free hydrogen that is produced from brown coal with the 
view of exporting to Japan. Throughout 2020 and 2021, the pilot project will verify brown 
coal gasification and hydrogen refining at the Latrobe Valley facility and hydrogen 
liquefaction and storage at the Hastings facility, both in Australia, as well as marine transport 
of liquefied hydrogen from Australia to Japan and unloading of liquefied hydrogen in Japan.

ENEOS
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INPEX has constructed a solar-powered green hydrogen test facility in Darwin, 
Australia, an initiative which is a segment of the ‘Japan Technological Research 
Association of Artificial Photosynthetic Chemical Process’ (ARPChem). The 
performance validation tests for the facility, which are currently under way and 
will run until December 2021, will inform the scaling up of the project in an 
attempt to make it suitable for future practical applications.

INPEX 

Neptune Energy is looking to develop the world’s first offshore green 
hydrogen production facility, the ‘PosHYdon’ hydrogen pilot. Based in 
the Dutch North Sea, the project will produce green hydrogen from 
seawater using renewable energy (offshore wind power in the future) 
and would make use of offshore gas infrastructure. This is an initiative 
of Nextstep, TNO and partners. The PosHYdon consortium also 
includes other partners such as Gasunie, Eneco, DEME Offshore, 
NOGAT and Noordgastransport.

Neptune Energy

McDermott International has been awarded an engineering, procurement and 
construction contract by state organization New Jersey Natural Gas to develop a 
facility that will utilize solar energy to produce green hydrogen. The aim will be 
to inject this hydrogen into the existing natural gas distribution network in an 
attempt to reduce the overall carbon footprint of the area’s gas network. 
Engineering is already under way at the company’s offices in Plainfield, Illinois, 
with completion expected in 2021.

McDermott

PETRONAS has signed a memorandum of understanding (MoU) with JERA, Japan’s 
largest power generation company, to collaborate on a range of low-carbon energy 
initiatives. Under this agreement the two organizations will explore the 
establishment of supply chains for both ammonia and hydrogen fuels, as well as 
promote the usage of LNG. PETRONAS, which possesses an established portfolio of 
renewable energy and capabilities in petrochemical production, is now expanding 
into production of blue and green hydrogen. The blue and green hydrogen can be 
converted into chemicals such as ammonia for the purpose of transportation.

PETRONAS
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Case studies (continued)

Repsol, in partnership with Enagas, is developing a technology based on water 
photoelectrocatalysis that allows the use of solar energy to directly produce 
renewable hydrogen, with no electricity required for the conversion process, 
thereby significantly lowering the operational costs. This technology has the 
potential to reduce CO2 emissions by 100% compared with ‘grey’ hydrogen 
production. The project, conducted in collaboration with some Spanish 
universities and research centres, is presently at TRL 5, with a pilot plant being 
tested at the Repsol Technology Lab facilities. 

Repsol

Repsol and Saudi Aramco are collaborating to build a synthetic fuels plant at 
Repsol’s Bilbao refinery. CO2 emissions from the refinery will be captured and 
combined with renewable hydrogen to produce the new fuel. A 10 MW 
electrolyser will be built to produce the renewable hydrogen needed. The plant, 
which is expected to be operational by 2024, will cost USD 67.5 million and has a 
projected capacity of 10,000 litres of fuel a day which will be compatible with 
existing engines in cars, trucks and aircraft.

Repsol and Saudi Aramco 

Shell’s subsidiary, Shell Catalysts and Technologies, has launched the ‘Shell Blue 
Hydrogen Process’, a method that integrates Shell’s gas partial oxidation 
technology (transforming low value streams into syngas) with their ADIP-ULTRA 
solvent technology (used for CO2 removal). When compared with conventional 
autothermal reforming technologies, the process results in a 22% reduction in 
levelized cost, and has an even greater production cost saving when compared 
with the process of steam methane reforming.

Shell

A coalition of eight companies have partnered to form Hydrogen Forward, an 
initiative focused on advancing hydrogen development in the US. The founding 
members — Air Liquide, Anglo American, CF Industries, Cummins, Hyundai, 
Linde, Shell and Toyota — are united under a shared belief in the environmental 
and economic benefits of hydrogen technologies. These companies believe that 
accelerating investment in hydrogen will help the US deliver on its climate goals 
while creating a stronger economy with new, well-paid jobs.

Shell and McDermott 
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In partnership with the APA Group, Woodside is exploring the development of 
a green hydrogen production facility at the Badgingarra Wind Solar Farm in 
Western Australia. The facility will be powered 100% by renewable energy, 
and the hydrogen it produces will be utilized in transport, power generation 
and industrial applications, with future delivery to Perth via pipeline also a 
scalable option. 

Woodside

Shell and Suncor Energy along with Proman, Enerkem and Hydro-Québec, and 
with support from the Québec and Canadian Governments, are looking to 
construct a low-carbon plant in Varennes, Canada. The commercial-scale facility 
will cost CAD 875 million and will be capable of producing 125 million litres of 
biofuel a year from non-recyclable waste. The plant will also consist of an 87 MW 
electrolyser that will leverage Québec’s excess hydroelectricity capacity to 
produce green hydrogen and oxygen.

Shell and Suncor Energy

Woodside and Countrywide Renewable Energy (CRE) are working in conjunction 
to develop a 10 MW green hydrogen pilot project (H2TAS). Located in the Bell 
Bay Advanced Manufacturing Zone in Tasmania, Australia, the project will be 
capable of producing 4.5 tonnes of hydrogen per day. The two partners have 
signed an MoU with the State of Tasmania and have executed a non-binding 
term sheet with natural gas retailer Tas Gas to develop a framework for blending 
the green hydrogen into the Tasmanian gas network.

Woodside

Total has partnered with Engie to develop and operate what will be France’s 
largest green hydrogen production site, the Masshylia project at Total’s La 
Mède biorefinery. The project’s 40 MW electrolyser will be powered by nearby 
solar farms and will have the initial capacity to produce 5 tonnes of green 
hydrogen a day, rising to 15 tonnes if new renewable farms are developed. 
Construction of the project is expected to commence in 2022 with production 
beginning in 2024.

Total
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Page 17, upper left: refinery (iStock/Bim) 

Page 17, lower right: renewable energy technologies (iStock/Blue Planet Studio) 

Page 17, bottom left: refinery hydrogen plant (iStock/Serjedi) 

Page 18, top right: hydrogen refuelling station (iStock/Adventtr) 

Page 18, upper left: refinery plant (iStock/Industryview) 

Page 18, centre right: hydrogen refuelling station (ENEOS) 

Page 18, lower left: hydrogen-powered vessel (Audio und werbung/Shutterstock) 

Page 18, lower right: offshore wind power (iStock/Blue Planet Studio) 

Page 19, top right: solar power technology (iStock/Yangna) 

Page 19, upper left: gas distribution pipeline (iStock/Bern Schonewille) 

Page 19, lower right: offshore hydrogen plant and wind power 
(iStock/Audioundwerbung) 

Page 19, bottom left: LNG tanker (Vytautas Kielaitis) 

Page 20, top left: water (Aireo/Shutterstock) 

Page 20, upper right: Repsol’s Bilbao refinery (©Repsol, reproduced under the 
Creative Commons Attribution-NonCommercial-ShareAlike 2.0 Generic licence. 
https://www.flickr.com/photos/repsol/19489666763/in/album-
72157646250556850/ 
https://creativecommons.org/licenses/by-nc-sa/2.0/ 

Page 20, lower left: refinery plant (iStock/Zorazhuang) 

Page 20, bottom right: partnership handshake (Sfio Cracho/Shutterstock) 

Page 21, top right: the Daniel-Johnson Dam on the Manicouagan River, 
supplying the Manic-5 hydro plant, Quebec (Denis Roger/Shutterstock) 

Page 21, upper left: solar farm (iStock/jkitan) 

Page 21, lower right: wind and solar energy (Geniusky/Shutterstock) 

Page 21, bottom left: hydrogen production facility (iStock/Audioundwerbung)

https://royalsociety.org/topics-policy/projects/low-carbon-energy-programme/hydrogen-production/


14th Floor, City Tower 
40 Basinghall Street 
London EC2V 5DE 
United Kingdom 

Telephone: +44 (0)20 7633 2388 
Facsimile: +44 (0)20 7633 2389      

E-mail: info@ipieca.org

ipieca 

@ipieca 

www.ipieca.org

IPIECA is the global oil and gas industry association for advancing environmental and social performance. It 
convenes a significant portion of the oil and gas value chain and brings together the expertise of members and 
stakeholders to provide leadership for the industry on advancing climate action, environmental responsibility, 
social performance and mainstreaming sustainability.  

Founded at the request of the UN Environment Programme in 1974, IPIECA remains the industry’s principal 
channel of engagement with the UN. Its unique position enables its members to support the energy transition 
and contribute to sustainable development. 
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